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This chapter reviews the development and use of observational measures
to assess situation awareness (SA) among fighter pilots. The chapter begins
with a general description of air combat and SA. The next two sections
summarize the general approach and the results of this effort. The chap-
ter concludes with a discussion of the advantages and disadvantages of this
approach and some general comments on the problems involved in meas-
uring concepts that are as ill-defined as SA.

Uncertainty is characteristic of air combat. This uncertainty places
enormous demands on the pilot’s cognitive resources (Houck, Whitaker,
& Kendall, 1993). The pilot must execute multiple tasks under extreme
time pressure. At the same time, the pilot must deal with a variety of data
sources, each of which may present only limited information about the
current environment. For example, data regarding the location of enemy
aircraft may come from on-aircraft systems that are controlled by the pilot.
That data may also come from radio calls made by other members of the
flight or an air weapons controller. Much of this data often corresponds to
what the pilot already knows. Other pieces of data, however, provide new
or conflicting information. Consequently, the pilot must filter, analyze,
and interpret this data to estimate its timeliness and accuracy. The pilot
must synthesize this data, assess the situation, and select a course of action.

'The views expressed in this chapter do not necessarily reflect those of the United States
Air Force or the Department of Defense.
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130 BELL AND LYON

The necessity of making decisions based on the perception and interpre-
tation of incomplete and sometimes conflicting data is one reason that
training and experience are so important to the development of SA.

Endsley (1995a) views SA as an hierarchically organized construct with
three interrelated levels. At its most basic level, SA involves the perception
of current environmental information. At Level 1 SA, a pilot knows factual -
data such as the aircraft’s energy state and the locations of other aircraft.
The next higher level of SA reflects the pilot’s interpretation of the cur-
rent environmental data in terms of its immediate significance to the pi-
lot’s goals and objectives. An example of Level 2 SA is recognizing relative
offensiveness or defensiveness during an air combat engagement. At the
third and highest level of SA, the pilot not only recognizes and compre-
hends the current situation but also uses that information to anticipate fu-
ture environmental states. At Level 3 SA, the pilot in an air combat en-
gagement knows that both aircraft are currently neutral. In addition, the
pilot knows that, based on the current flight paths and energy states, the
enemy will soon have an offensive advantage.

In 1991, the Air Force Chief of Staff asked a series of questions about
SA. These questions included: what is SA; can we measure SA; can we se-
lect individuals for pilot training based on their SA potential; and what im-
pact does training have on SA. In response to these questions, Armstrong
Laboratory (now the Air Force Research Laboratory) initiated a SA research
program. This chapter summarizes our initial attempts to measure SA in
operational fighter squadrons and in multiship air combat simulations.

Our initial efforts focused on three issues: the definition of SA; the de-
gree to which pilots can reliably judge their fellow. pilots in terms of SA;
and whether there is a relation between such Judgments and mission per-
formance.

In response to the question, what is SA, the Air Staff provided a working
definition that links SA to mission performance. This definition, written
from the pilot’s perspective, defines SA as “a pilot’s continuous perception
of self and aircraft in relation to the dynamic environment of flight,
threats, and mission, and the ability to forecast, then execute tasks based
on that perception” (Carroll, 1992, p. 5). Although there are a number of
other definitions of SA available (e.g., Endsley, 1995a; Sarter & Woods,
1991; Tenney, Adams, Pew, Huggins, & Rogers, 1992), the Air Staff defi-
nition was used as the basis for our research efforts. This definition reflects
the importance of SA in mission accomplishment, thus capturing the rich-
ness and complexity of the concept. It emphasizes perceiving what is im-
portant and then using that perception to guide the selection and execu-
tion of appropriate behaviors. Unfortunately, it is also very complex
because it combines processes, tasks, and the linkages between them into a
single construct. Consequently, it is very difficult to separate SA from the
other aspects of skilled performance that determine combat proficiency.
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MEASURING SA IN OPERATION AL FIGHTER
SQUADRONS

With the assistance of instructor pilots and other subject-matter experts
(SMEs), Waag and Houck (1994) identified 31 behavioral elements of SA.
The SMEs felt these elements reflected SA and were important to mission
success. Table 6.1 lists these 31 elements and the 8 categories of mission
performance the elements represent.

SA Instruments

The Air Force Research Laboratory developed 4 different instruments to
measure SA in operational F-15C squadrons based on these 31 elements.
The first instrument required respondents to provide their personal defi-
nition of SA. Using their personal definition of SA, each respondent then

rated the importance of the 31 elements using a 6-point Likert scale.
The other three instruments, or SA Rating Scales (SARS), measured SA
from three different perspectives: self, supervisory, and peer. The self-re-

TABLE 6.1
Categories and Elements of SA

General Traits Information Interpretation
Discipline Interpreting air-to-air radar
Decisiveness Interpreting radar warning receiver

Tactical knowledge
Time-sharing ability
Reasoning ability
Spatial ability
Flight management

Ability to use air weapons controller
Integrating overall information
Radar sorting

Analyzing engagement geometry
Threat prioritization

Tactical Game Plan

System Operation

Developing plan
Executing plan
Adjusting plan on-the-fly

Radar
Tactical electronic warning system
Overall weapons system proficiency

Communication

Tactical Employment—Beyond Visual Range

Quality (brevity, accuracy, timeliness)
Ability to effectively use information

Targeting decisions
Fire-point selection

Tactical Employment—General

Tactical Employment—Within Visual Range

Assessing offensiveness/defensiveness

Lookout (radar, electronic, visual)

Defensive reaction (chaff, flares, maneuvering)
Mutual support

Maintain track of bogeys/friendlies
Threat evaluation
Weapons employment




132 BELL AND LYON

port SARS and supervisory SARS required the respondents to rate either
themselves or their subordinates on each of the 31 items. Both SARS used
a 6-point scale and the ratings were made relative to other F-15C pilots
with whom the respondents had flown. The scale anchors were acceptable
and outstanding because all the pilots were on flying status and were con-
sidered mission-ready by Air Force standards. The squadron commander,
operations officer, assistant operations officer, weapons officer, and stan-
dardization-evaluation flight examiner completed the supervisory SARS
on the pilots within their squadron. In addition, squadron flight com-
manders completed supervisory SARS on the pilots within their flight.
The peer SARS required respondents to rate the other mission-ready pi-
lots in the squadron on general fighter pilot ability and SA ability and then
to rank order them on their SA ability. Both the peer and supervisory
SARS allowed respondents to omit rating and ranking a particular pilot if
they felt they did not have enough information to accurately judge that in-
dividual. All respondents completed the self-report and peer SARS.

Results

SARS data was collected on 238 mission-ready F-15C pilots from 11
squadrons stationed at 4 different Air Force bases. Two hundred and six
of these pilots provided written definitions of SA. The first column in Ta-
ble 6.2 lists the seven phrases most frequently used in defining SA. The
second column shows the seven most highly rated elements of SA. There is
considerable agreement between the phrases used to define SA and the el-
ement ratings. In addition, both the phrases and the element ratings indi-

TABLE 6.2
Seven Phases Most Commonly Used by Pilots to Define
SA and the Seven Most Highly Rated Elements of
SA Listed in Decreasing Frequency of Occurrence

Most Commonly Used Phases to Define SA Most Highly Rated Elements for SA

Composite 3-D image of entire situation Use of communication information

Assimilation of information from multiple  Information integration from multiple
sources sources

Knowledge of spatial position or geomet- Time-sharing ability
ric relationships among tactical entities

Periodic mental update of dynamic situa- Maintaining track of bogies and friendlies
tion

Prioritization of information and actions Adjusting plan on-the-fly

Decision making quality Spatial ability to mentally picture engage-

ment
Projection of situation in time Lookout for threats from visual, radar

warning receiver, radar
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TABLE 6.3
SARS Intercorrelations

1 2 3 4 5
1. Supervisor SARS
2. Peer—Fighter pilot ability 0.89
3. Peer—SA ability 0.91 0.98
4. Peer—Rank order 0.92 0.91 0.92
5. Self-report SARS 0.45 0.56 0.57 0.49

cate that a significant component of SA involves assimilating and using in-
formation to guide action.

Analyses of the peer and supervisory SARS indicated that the pilots reli-
ably classified their fellow pilots in terms of SA. Internal consistency was
computed for all 31 items on the supervisory SARS. The resulting meas-
ure, Cronbach’s coefficient alpha, was 0.99. Interrater reliability was also
estimated for the supervisor and peer SARS using an analysis of variance
procedure (Guilford, 1954). For the supervisor SARS, these analyses indi-
cated that the average reliability of each supervisor’s ratings was 0.50 and
the average reliability of the pooled supervisor ratings was 0.88. Similarly,
the peer SARS showed an individual reliability of 0.60 and a combined re-
liability of 0.97. Additional detail concerning the analyses of the SARS
data is found in Waag and Houck (1994).

As shown in Table 6.3, there was substantial agreement between super-
visor and peer SARS. Table 6.3 also indicates that there is noticeably less
agreement between the self-report SARS and the other SARS.

MEASURING SA IN SIMULATED
AIR COMBAT MISSIONS

Although the SARS data indicate high reliability and consistency between
raters, they do not empirically relate judged SA to pilot performance in air
combat missions. In an attempt to determine the relation between SA and
mission performance, a composite SA score was developed for each of the
238 pilots. These scores, based on the peer and supervisory SARS, were
scaled with a mean of 100 and a standard deviation of 20. Based on this
composite score, a sample of 40 mission-ready flight leads was selected to
fly a series of multiship air-to-air combat simulations. Mission qualification
level was held constant for the simulation portion of this effort because cur-
rent flight qualification was highly correlated (r = 0.82) with the composite
SA score (Waag & Houck, 1994). The mean SA scores for the 40 flight leads
were 106.3 with a standard deviation of 17.4. An additional 23 mission-ready
pilots flew as the flight lead’s wing during the course of the simulation.
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The combat simulations were flown in the Air Force Research Labora-
tory’s multiship training research facility in Mesa, Arizona. This facility
provided the flight simulators and associated simulations necessary to al-
low the participants to fly realistic combat missions in multibogey, high
threat scenarios. The two F-15C pilots flew high fidelity F-15C simulators
operating on a secure simulation network. The simulation network also in-
cluded other manned and computer-controlled aircraft, computer-con-
trolled surface-to-air threats, and a manned air weapons controlled simu-
lator. Additional details concerning the simulation are found in Waag,
Houck, Greschke, and Raspotnik (1995).

Each flight lead flew nine simulator sorties over 5 consecutive days.
During each sortie four separate engagements were flown. Each engage-
ment consisted of a different scenario representing the same basic
mission. After each engagement, the simulation was reinitialized to the
appropriate starting conditions and the new scenario began. Scenarios in-
creased in complexity throughout the week.

Scenario Design

Figure 6.1 illustrates a moderately difficult scenario. In this defensive
counterair mission, the two F-15s defended an airfield. The attackers con-
sisted of two bombers escorted by two fighters. The scenario began with
the enemy aircraft 80 nautical miles (nm) away from the airfield. The en-
emy fighters were flying at 20,000 ft and the bombers at 10,000 ft. There
was a lateral separation of 10 nm between the fighters and the bombers. At
35 nm, the fighters maneuvered rapidly and descended to 3,500 ft. At 15

Fighters Bombers

20,000’ Ve 10nm >V W 10,000°
Split i l
35nm
D Descend
\w
Lead/Trail
\ i
Beam l 10,000
: — 15 nm
sqerge Descend

A F-15 CAP

Airfield

FIG.6.1. Typical defensive counterair scenario used as part of the combat
mission simulations.
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nm, the bombers performed a hard right turn and descended to 2,500 ft.
The purpose of these maneuvers was to momentarily break the F-15s’ ra-
dar contact and disrupt the F-15 pilots’ ability to identify; target, or en-
gage the enemy aircraft.

Rating Mission Performance

The basic approach taken toward SA measurement was through scenario
manipulation and performance observation as suggested by Tenney et.
al,, (1992). Other approaches, such as explicit probes and the Situation
Awareness Global Assessment Technique (SAGAT) (Endsley, 1995b), were
considered. These other approaches were rejected because of a need for
measures that could be used during operational training either in simula-
tors or actual aircraft. All of the scenarios contained enemy maneuvers de-
signed to “trigger” information seeking and decision making by the flight
lead. In essence, these trigger events serve as SA probes in a naturalistic
environment.

As Kelly (1988) pointed out, measuring air combat skills presents a
number of challenges. The fluid, dynamic nature of air combat, combined
with the number of alternative tactics and techniques available to the pilot,
make objective performance measurement extremely difficult. Even when
objective data is available, it is often difficult to interpret the importance
of that data. Because of the difficulties involved in establishing the relation
between objective measures such as radar locks or engagement parame-
ters and SA, it was decided to rely on behavioral observation by SMEs who
were unaware of the SA scores of the pilots they were observing. Two
SME;s, retired fighter pilots with extensive experience in air combat and
training, watched each engagement in real time and independently com-
pleted an observational checklist. To assist them in evaluating pilot per-
formance, cockpit instruments, intraflight communications, and a plan
view display of the engagement were available throughout the engage-
ment. After each simulator session, the two SMEs discussed each engage-
ment and completed a consensus performance rating scale containing 24
behavioral indicators based on the SARS. These 24 behavioral indicators
were the elements of SA listed in Table 6.1, less the 7 general traits of SA.
In addition, the SME:s also wrote a critical event analysis for each mission
that identified events that were critical to the outcome of the mission and
indicative of the pilot's SA.

Results

Figure 6.2 shows the composite SA scores obtained from the SARS and the
mean SA score assigned by the SMEs based on their observation of each
pilot’s performance during the simulated air combat missions. The Pear-
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FIG. 6.2. Mean SA score for combat mission simulation as a function of
squadron SA score.

son product moment correlation between these scores is 0.56 (p <.001,df
= 38) and indicated a significant relation between squadron ratings of SA
and performance in these simulated air combat missions.

S4 Ratings and Specific Behaviors

Having established that squadron SA ratings and simulator perfor-
mance ratings are related, the next question is whether specific behaviors
associated with rated SA could be identified. Two aspects of pilot behavior
were examined: errors (as identified by SMEs) and communication pat-
terns.

Identification of Errors. Two SMEs reviewed tapes of selected mis-
sions and identified errors made by pilots while flying complex scenarios.
Four engagements for each of 8 pilots were chosen for this analysis. The
pilots selected were the top four and bottom four individuals based on
squadron SA rating. The SMEs independently reviewed each of the result-
ing 32 engagements. They were instructed to identify and record any pilot
action or inaction that they considered an error. No strict definition of
“error” was provided. The idea was to allow the SMEs to identify without
constraint any action or inaction they felt was inappropriate given the situ-
ation and the available data. After identifying errors separately, the SMEs
reviewed the scenarios together and agreed upon a final set of errors.
They also agreed on a list of mutually exclusive error categories and
placed each identified error in a category. These categories were later
grouped into two more general classes: “decision errors” and “informa-
tion acquisition errors.”
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FIG. 6.3. Total number of decision and information errors made during
four simulated combat engagements as a function of squadron SA score.

Figure 6.3 shows the number of decision errors and information acqui-
sition errors made by top- and bottom-ranked pilots for the squadron SA
ratings. Although the number of errors in each category is small, a rela-
tively large number of decision errors were observed among pilots who
were ranked lowest in SA by their supervisors and peers at the squadron.
Figure 6.4 shows the breakout of decision errors into more specific catego-
ries. Inspection of Figure 6.4 shows that the difference between low-SA
and high-SA pilots in the number of decision errors is largely accounted
for by errors in tactics selection and flight leadership. Thus, subjective rat-
ings of SA by peers and supervisors are related to more than just perfor-
mance ratings made by other SMEs; they are also related to observable be-
haviors in complex combat scenarios.

Communication Patterns. Communication is an important source of
information to support SA in air combat pilots. Therefore, some aspects of
communication behavior may be related to squadron-rated SA. The nature
of such a relation is, however, hard to predict. For example, consider the
frequency of calls to a wingman or air weapons controller (AWC) to request
information. One view is that high-SA pilots will request information less
frequently than low-SA pilots because their SA is already good. The oppo-
site view is that high-SA pilots maintain their SA advantage, in part, because
they request information more frequently. To address such issues, commu-
nications from the top four and bottom four pilots in squadron SA rating
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FIG. 6.4. Types of decisional errors made as a function of squadron SA
score.

were transcribed. Three engagements were analyzed for each pilot. Each
call made during each of the engagements was transcribed and categorized
according to the initiator of the call (lead, wing, AWC); the intended recipi-
ent (lead, wing, AWC, entire team); and the purpose (providing informa-
tion, acknowledging, directing, requesting, informing, or uncodable).

Because engagements differed in length, comparisons of communica-
tion frequency were generally made in terms of the number of calls per
minute, or call rate. As shown in Fig. 6.5, call rates were higher for
high-SA leads than for low-SA leads for every kind of call except acknowl-
edgments. High-SA leads both provided and requested information more
frequently than did low-SA leads. High-SA leads also directed other team
members more frequently. Like the error data, the communication data
analyzed so far suggested that subjective ratings of SA are related to be-
havioral differences during simulated combat scenarios.

DISCUSSION

These initial results in developing measures of SA that can be used in a
squadron’s operational training environment are encouraging. These re-
sults indicated that SA is a construct that has meaning and can be used by
both peers and supervisors to classify mission-ready pilots. They also indi-
cated that squadron ratings of SA are related to relevant behaviors (e.g.,
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FIG. 6.5. Number of radio calls per minute as a function of squadron SA
score and type of call.

errors, communications) and are correlated with mission success in simu-
lated air combat missions.

Although this approach to SA measurement may be classified as subjec-
tive rather than objective, thisis an oversimplification. All measurement ap-
proaches ultimately involve assigning numbers to events according to an
explicit set of rules (Stevens, 1951). The distinction between objective and
subjective measures simply indicates whether a human observer is an inte-
gral component of the measurement instrument. Objective measurement
involves data that is generated independently of the human observer.
Ideally, this data is generated, recorded, and scored without the interven-
tion of a human observer. Subjective measurement, on the other hand, re-
quires human observers to generate the data itself. Although Muckler
(1977) argued that there is no such thing as objective measurement in the
strict sense, the distinction continues to be made and objective measures are
often preferred to subjective measures. The reason for this preference is
that subjective measures are frequently seen as being contaminated by the
human observers during the act of measurement. Because objective meas-
Oures, on the other hand, are relatively independent of human observers,
they are seen as “truer” measures of the construct under study.

Unfortunately, objective measures often fail to capture the richness and
complexity of human performance (Kelly, 1988; Meister, 1989; Vreuls &
Obermayer, 1985). One reason for this is that objective measures are es-
sentially reductionistic and are therefore best suited for recording the fun-
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damental dimensions of performance (e.g., latency, amount, and devia-
tion). Although these fundamental measures provide us with data that is
less subject to error, they also frequently fail to provide us with informa-
tion concerning the contextual nature of skilled performance. Subjective
measures seem more closely related to higher order psychological con-
structs. The data they produce appears to reflect a synthesis of the more
molecular behaviors and to reflect more global dimensions such as inter-
preting, judging, and deciding—the very essence of SA.

Potential Problems With Subjective SA Ratings

Subjective ratings are a useful tool because they capture the complexity of
SA. Unfortunately, various kinds of problems can limit their usefulness. At
the heart of many of these problems is the definition of SA itself. Disagree-
ment about exactly what constitutes SA—Dbetween raters and other raters,
raters and scientists, or even within an individual rater at different times—
will tend to yield rating results that are difficult to interpret.

A key definitional issue is the distinction between momentary SA and
SA ability. Momentary SA is demonstrated when one interrupts a mission
at a particular point and tests current-situation knowledge (cf., Endsley,
1995a). SA ability is the tendency to maintain good SA in a variety of situa-
tions. The Air Staff definition of SA used throughout this effort includes
elements of both. ‘

There are serious interpretational problems associated with the assess-
ment of both SA ability and momentary SA. Subjective-ability-measure-
ment problems are illustrated by the task of obtaining ratings of SA ability
from squadron supervisors and peers. A primary problem is to communi-
cate to the raters the difference between SA ability and overall piloting
skill because several important aspects of pilot skill do not fall within the
definition of SA. This problem was resolved by requiring separate ratings
of SA and “fighter pilot ability.”

Another inherent problem is that raters may be unduly influenced by a
pilot’s credentials. Rank, hours of experience, qualification status, and
participation in special exercises could influence rated SA. Even if the
rater is explicitly instructed to disregard credentials in producing a rating,
difficulty can be expected because the rater’s interpretation of past experi-
ences with the pilot, upon which the SA rating should be based, is colored
by the pilot’s achievements. The obvious approach to mitigate this prob-
lem is to collect data on credentials and experiential factors so that the dif-
ferential utility of the SA ratings over and above these factors can be as-
sessed. In this study, hours of experience in the F-15 was correlated 0.62
with composite SA rating. When four other experience factors (qualifica-
tion, Fighter Weapons School graduation, and participation in two exer-
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cises) were used to predict composite SA rating, the multiple correlation
was 0.85 (Waag & Houck, 1994).

These problems—differentiating SA from performance and creden-
tials—also appear in attempts to assess momentary SA. The SMEs’ ratings
of SA during each combat scenario can be viewed as a time-averaged mo-
mentary-SA measure. SMEs were instructed to rate the pilot’s SA during a
particular scenario rather than try to assess the pilot’s overall SA ability.
These instructions were intended to induce the raters to attend to the pi-
lot’s SA at various moments during the engagement and arrive at a com-
posite of these momentary SA assessments, as opposed to a general pre-
diction of the pilot’s SA ability in other situations. Interviews with the
raters, during which they were asked to explain their ratings, suggested
that they in fact evaluated SA as it was demonstrated during the engage-
ment rather than predicting overall SA ability. This conclusion is sup-
ported by rater comments such as “I can tell that this pilot is very good,
but this time he was doing X and didn’t notice threat Y, so we had to give
him a low rating.”

As noted earlier, SMEs were not informed of the pilot’s level of experi-
ence, most of the pilots were of the same rank, and all of them were at the
same qualification level (4-ship flight lead). Although this may have miti-
gated any tendency for raters to base ratings on pilots credentials, it did
not solve the problem of differentiating SA from performance in a sce-
nario. Even though the distinctions between SA, performance, and mis-
sion outcome were stressed in instructions to the SMEs, statements by the
SMEs in the mission summaries they provided after each scenario sug-
gested that some confounding occurred. In particular, mission success or
failure undoubtedly had some influence on SA ratings.

The difficulty of rating SA independently of pilot performance is exac-
erbated by the inclusion of performance-like elements in the definition of
SA. For example, the Air Staff definition includes “. . . the ability to . . . ex-
ecute tasks . . .” (Carroll, 1992, p. 5). This is more than an afterthought—it
is a critical feature of the definition for some investigators. For example,
Vidulich (1992) wrote “good SA implies a capability to respond appropri-
ately, not just the possession of an accurate assessment” (p. 17). Wickens
(1995) also argued that definitions of SA are incomplete without some ref-
erence to “the capacity to respond appropriately to events” (p. K2-2). On
the other hand, Endsley (1995a) stressed the importance of separating a
full assessment and comprehension of the situation from the decisions and
responses based on that comprehension. At an academic level, these may
not be substantive disagreements. Most investigators seem to agree that
while the knowledge of which responses are appropriate to a situation is
part of SA, the responses themselves are not. However, to the rater the fact
that a pilot responded appropriately is usually good evidence that knowl-

b
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edge of appropriate action was present. Thus, to the extent that knowl-
edge of appropriate courses of action is stressed in the definition of SA, it
will be difficult to rate SA independently of performance.

There is another way of defining SA that may be more useful for guid-
ing the process of obtaining accurate ratings. This approach recognizes
that all aspects of momentary SA are eventually reducible to some form of
knowledge or information in working memory. At any given moment, the
information in a pilot’s working memory can come from immediate per-
ception (Endsley’s Level 1 SA); associations from long-term memory, in-
cluding retrieved interpretations of perceived information (Endsley’s
Level 2 SA); and inferences generated by combining and manipulating in-
formation in working memory, including predictions about future events
(Endsley’s Level 3 SA). However, not all working memory information is
SA-related (e.g., daydreams are probably not). Therefore, SA could be de-
fined as knowledge (in working memory) about elements of the environ-
ment. For a pilot “knowledge about elements of the environment” must be
interpreted broadly to include not only information about the location, ca-
pabilities, and intentions of threats, but also such things as offensive and
defensive status and likely future events. A potential advantage of explic-
itly focusing on the information that makes up SA is that raters can be in-
structed to look for evidence that a pilot has various pieces of knowledge.

Of course, not all knowledge is equal in its impact on mission success.
Even if the information in a pilot's working memory could be measured
objectively, there remains the problem of assigning a weight to each piece
of information according to its relevance. These weights would no doubt
be constantly changing as the mission evolves. Any objective measurement
technique based on assessing specific pieces of knowledge must somehow
cope with this daunting weight-assignment problem.

In contrast, a human rater “automatically” takes into account the im-
portance of various components of SA in generating a rating. This should
be one of the biggest advantages of using subjective measures; however,
this advantage only applies if the rater focuses on SA as knowledge and
does not confound SA with performance or mission outcome.

Generalizability to Other Domains

This research obtained SA ratings of operational pilots from peers and su-
pervisors with minimal disruption of their squadron operations and dem-
onstrated that these ratings were predictive of SA ratings independently
obtained during simulated combat missions. It represented a relatively ef-
ficient method of obtaining SA ratings in both field and laboratory envi-
ronments and demonstrated that SMEs are capable of moderate to good
agreement regarding an individual’s SA.




6. OBSERVER RATINGS 143

Although this research focused on the SA of mission-ready F-15C pi-
lots, global SA ratings obtained from peers or supervisors, momentary SA
ratings based on direct observation of job performance, or both can be ap-
plied to measuring SA in other domains such as commercial aviation,
medicine, and command and control. Because the specific details of the
research methodology will vary depending upon the domain being stud-
ied, we believe anyone attempting to apply this approach should adhere
to the following guidelines:

1. Regardless of whether global or momentary SA ratings are used, it is
essential to develop a set of behavioral indicators that will provide
raters a common framework for judging SA.

2. Field raters providing global SA ratings must have had multiple op-
portunities to observe the ratees perform in their natural environ-
ment and these raters must be given the opportunity to omit rating
individuals if they feel they have not had sufficient opportunities to
observe that individual.

3. Interrater reliability of global SA ratings improves as the number of
raters increases.

4. Job samples used to provide the opportunity for momentary SA rat-
ings must provide the opportunity for the individual to exhibit a va-
riety of behaviors that are indicative of SA.

Utility of the SA Concept

The potential for confounding SA with performance strikes at the heart of
the utility of the concept. SA is a useful concept to the extent that it sug-
gests measures that add to our ability to predict which training techniques,
pilots, and displays will lead to the best mission outcomes. A subjective SA
rating can be used as an independent, dependent, or intervening variable.
As an independent variable, it could help predict which pilots will achieve
success in combat. As a dependent variable, it could provide a sensitive
method for evaluating the impact of new displays. As an intervening vari-
able, it could help explain why different training techniques lead to differ-
ent mission outcomes.

Unfortunately, if raters use mission outcomes to infer SA, little is
gained from introducing the SA variable; it will have little or no differen-
tial utility. Our experience suggests that, to obtain useful SA ratings, raters
must focus on what a pilot probably knows about the elements of a situa-
tion. As discussed previously, this can include valid inferences, predic-
tions, or both about present or future events within the scenario. We used
various tools to help raters read the pilot’s mind. A video record of the
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radar display is particularly important. We also used knowledge-based
checklists, and, for some scenarios, the pilot’s eye movements were re-
corded and the raters were provided a video showing the pilot’s point of
gaze. Of course, raters will still make inferences from the actions taken by
the pilot. The rater, however, must be constantly aware that executing a
maneuver well or making a correct tactical decision is not necessarily
proof of good SA. If the rater can maintain this mental set during the rat-
ing process, then it is possible to use a pilot’s behavior to infer at least
some of the knowledge leading to that behavior.

CONCLUSION

Obviously both subjective and objective measurement approaches are nec-
essary to develop an understanding of SA. Objective measures are impor-
tant because they provide a necessary check on subjective judgments. Sup-
pose a pilot with impressive credentials misses a critical radar sampling
assignment, then pulls the mission out of the fire with superior stick-and-
rudder skills. Behavior-based, face-valid indicators of SA would help assess
the extent to which ratings in such situations are driven by mission out-
come rather than SA. Subjective measures, on the other hand, help to as-
sure that critical aspects of SA are actually being assessed. For example,
there are several ways that a pilot can be aware of the location of a particu-
lar enemy aircraft (e.g., radar, wing, AWC). An objective measure of the
number of enemies sampled on the radar might well be a misleading and
incomplete indicator of SA if impertant information on enemy locations
was given by a weapons director and only the critical targets were sampled
on radar. Objective measurement technology will doubtless move toward
configural assessment of some aspects of SA; however, it will be difficult to
mimic the inferences that a human SME makes to assess the cognitive as-
pects of SA that are not directly measurable.

We believe that the critical SA measurement issues concern how the
definition of SA is refined, and which measurements provide the best in-
formation for designing and evaluating aircrew training. Regarding the
definition of SA, we have argued that the development of both objective
and subjective measures will be facilitated by defining momentary SA in
terms of specific kinds of knowledge, where knowledge is broadly inter-
preted to include the pilot’s inferences about the enemy’s status and inten-
tions, and guesses about likely future events. Viewing SA in terms of con-
stituent knowledge should also facilitate the design and evaluation of
aircrew training. It is important, however, not to oversimplify this knowl-
edge-based view of SA. As is always the case in training, simply providing
important information is no guarantee that the information will be in the
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pilot’s working memory at the time it is needed. Thus, it is also necessary
to focus research and measurement development on the processes by
which knowledge is acquired during flight.
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